Introduction
============

Fluorodeoxyglucose positron emission tomography/computed tomography (FDG PET/CT) is used in the imaging workup of various malignancies for staging and surveillance ([@b1-ol-07-02-0479]). Incidental gastrointestinal observations are found in \~3% of patients undergoing evaluation for non-gastrointestinal diseases ([@b2-ol-07-02-0479]). These incidental observations in asymptomatic patients may be of clinical significance ([@b2-ol-07-02-0479]--[@b4-ol-07-02-0479]). The value of FDG PET or FDG PET/CT for identifying incidental pre-malignant and malignant colonic lesions has previously been reported ([@b4-ol-07-02-0479]--[@b8-ol-07-02-0479]). The early detection and treatment of colonic pre-malignant and malignant lesions may significantly improve survival, whereas further unnecessary studies may delay treatment of the primary disease. Studies that document the follow-up of these incidental observations to the point of histological confirmation are of great importance since they are the only means to evaluate the true positive rates of pre-malignant and malignant lesions identified by FDG PET/CT ([@b8-ol-07-02-0479],[@b9-ol-07-02-0479]).

The aim of the present study was to evaluate endoscopic and histopathological observations in patients who were referred for colonoscopy due to incidental FDG colonic uptake on a PET/CT study.

Patients and methods
====================

The FDG-PET/CT database was retrospectively searched for patients in whom colonic FDG uptake was incidentally found and who then underwent colonoscopy between January 2007 and June 2009. Following identification of the specific patient population, the following data were retrieved from their medical records: Demographics, medical history, indications for performing FDG PET/CT, results of PET/CT and endoscopic and histopathological observations. Patients with known colon cancer or previous colonic surgery were excluded from further evaluation. The Institutional Review Board of Rambam Health Care Campus (Technion, Israel) approved this retrospective study and the requirement to obtain informed consent was waived.

Results
=======

The present study consisted of 56 patients (25 males and 31 females) with a mean age of 72 years old (range, 43--89 years old). The patient characteristics and indications for FDG PET/CT are listed in [Table I](#tI-ol-07-02-0479){ref-type="table"}. Overall, 60 foci of FDG uptake were found in the 56 patients. Of the occurrences indicative of focal FDG uptake in the colon, 13 were in the ascending colon, 6 in the transverse colon, 14 in the descending colon, 25 in the rectosigmoid and 2 in the ileum. The colonoscopy was normal in 35 patients (63%), and endoscopic observations were found in 21 patients (37%). In these 21 patients, 30 lesions were found; 20/30 (67%) were benign adenomatous polyps, 6/30 (20%) were advanced histological lesions (with features of high-grade dysplasia or carcinoma *in situ*), a malignancy was detected in 3/30 lesions (10%) and 1/30 (3%) was a benign hyperplastic polyp ([Table II](#tII-ol-07-02-0479){ref-type="table"}; [Figs 1](#f1-ol-07-02-0479){ref-type="fig"} and [2](#f2-ol-07-02-0479){ref-type="fig"}). Diverticular disease, with no endoscopic signs of inflammation, was found in 7/56 patients (12.5%) with positive FDG PET/CT results.

Discussion
==========

The potential of FDG PET or FDG PET/CT in colorectal screening has been studied in numerous trials ([@b4-ol-07-02-0479]--[@b9-ol-07-02-0479]). Focal colonic FDG uptake has up to a 70--80% probability of showing corresponding abnormal histopathological observations ([@b4-ol-07-02-0479],[@b6-ol-07-02-0479]). Gutman *et al*([@b6-ol-07-02-0479]) evaluated the positive predictive value of FDG PET/CT for the detection of colonic abnormalities. The study focused on the ability of FDG PET/CT to detect advanced adenomas (adenomas of \>10 mm in diameter, adenomas with a villous component or moderate to severe dysplasia) and carcinomas. Among the 20 patients who underwent a colonoscopy, 5 had a normal colonoscopy (25%) and 15 (75%) patients had pathological lesions. In these 15 patients, a total of 18 lesions were found, including 2 benign hyperplastic polyps in the rectosigmoid and 16 advanced neoplasms. The advanced neoplasms consisted of 13 villous adenomas and 3 adenocarcinomas.

In an additional series of 3,210 PET scans performed for screening in asymptomatic patients, focal FDG avid uptakes were found in 20 patients, corresponding to 12 villous adenomas, 6 carcinomas and 2 tubular adenomas in the colonoscopy ([@b4-ol-07-02-0479]). These results are consistent with other studies showing that FDG PET ± CT is a sensitive tool to detect colonic premalignant lesions ([@b4-ol-07-02-0479],[@b6-ol-07-02-0479],[@b7-ol-07-02-0479],[@b9-ol-07-02-0479],[@b10-ol-07-02-0479]). However, caution must be applied, as the true negative rates are rarely evaluated in studies ([@b9-ol-07-02-0479]). It should be noted that FDG PET/CT is not a screening test for colon lesions; however, these were incidental observations detected during the evaluation of other diseases.

The majority of studies evaluating incidental colonic observations did not include patients with colorectal cancer. In the present study, the primary disease was colorectal cancer in 16 patients; however, all the patients had undergone surgical resection of their primary lesions and had no evidence of disease located in the bowel. Moreover, the medical files of patients who underwent a colonoscopy due to colonic observations on FDG PET/CT were reviewed, therefore, the rates of incidental colonic observations or the false negative rates were not evaluated. The true positive rates (36%) in the current study were lower than reported by others. Despite possible false-positive results, colonoscopy is recommended as the next diagnostic step for further evaluation of such observations. Since there are numerous confounding factors when evaluating the colorectal region, including fecal impaction, muscular peristaltic activity and inflammation, re-evaluation of the scan is advised. Gutman *et al*([@b6-ol-07-02-0479]) indicated that in 3 patients, re-evaluation led to a different conclusion from that of the scan report regarding the nature of the FDG focal colonic uptake. The re-evaluation indicated that the colonic lesion was consistent with physiological activity, as the FDG uptake was located in the colonic lumen without bowel-wall involvement in an area of fecal stasis.

Although the present study found a lower incidence of lesions in the colon following colonoscopy, in 20 patients, colonic FDG observations matched the colonoscopic abnormalities, the majority of which required further surveillance and treatment. In the majority of cases of complete endoscopic resection, even in cases of carcinoma *in situ* or adenoma (tubular, tubulovillous or villous) with favorable histological features (T1 lesion, grade 1--2, no lymphovascular invasion, negative margins and no fragmentation of the specimen), no further treatment is required ([@b11-ol-07-02-0479],[@b12-ol-07-02-0479]). However, appropriate endoscopic surveillance is mandatory ([@b12-ol-07-02-0479]).

In the present study, in one patient with a normal colonoscopy who exhibited a complete response to metastatic colon carcinoma, the colonic observation disappeared in a subsequent FDG PET/CT following chemotherapy. However, a later FDG PET/CT scan indicated diffuse metastatic disease involving the lung, liver and pelvis. A total of 35 FDG observations did not match any colonoscopic abnormality in the present study, thus, the PET/CT scan results were interpreted as false positive (62.5%). Of these false positive results, 7 revealed diverticular-disease with no endoscopic signs of inflammation. Peng *et al*([@b8-ol-07-02-0479]) indicated that false-positive FDG uptake is more commonly observed in the right colon; this observation is not consistent with the present study. In the current study, the maximal standardized uptake (SUV~max~) was not evaluated and the clinical significance of the SUV~max~ from previous studies was inconclusive ([@b5-ol-07-02-0479],[@b8-ol-07-02-0479]). The SUV~max~ value was higher in cancer patients, however, a high SUV~max~ value does not necessarily result in the detection of malignancies ([@b5-ol-07-02-0479],[@b8-ol-07-02-0479]).

A positive FDG uptake that was followed by a normal endoscopy was considered physiological FDG uptake in the bowel. As shown in [Table I](#tI-ol-07-02-0479){ref-type="table"}, in specific patients, the indication for FDG PET/CT was pre-treatment staging, whereas for others, it was performed to evaluate the response to treatment of metastatic disease. Therefore, the timing and relevance of colonoscopic investigation must be dictated by clinical judgment and the status of the primary tumor.

![A 61-year-old male with a history of gastric carcinoma referred for suspicious pulmonary and liver findings on CT. (A) Transaxial FDG-PET demonstrates a focus of increased tracer uptake in the mid pelvis (arrow) localized by (B) PET/CT image to the rectosigmoid wall, which appears to be thickened on (C) CT. Following colonoscopy, a large polyp was resected, and the histological examination showed tubulovillous adenoma with moderate dysplasia. CT, computed tomography; FDG-PET, fluorodeoxyglucose-positron emission tomography.](OL-07-02-0479-g00){#f1-ol-07-02-0479}

![A 79-year-old male was referred for the assessment of a pulmonary nodule observed on CT. (A) Coronal FDG-PET, (B) PET/CT and (C) CT slices demonstrate intense FDG uptake in the proximal region of the colon (arrows). On colonoscopy, a large ulcer was found in 15 cm into the colon. The final diagnosis was of an adenocarcinoma of the colon. FDG PET/CT, fluorodeoxyglucose positron emission tomography/computed tomography.](OL-07-02-0479-g01){#f2-ol-07-02-0479}

###### 

Indication for FDG PET/CT (n=56).

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Primary disease             Patients, n   Indication for FDG PET/CT
  --------------------------- ------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Colorectal cancer           16            In 15 patients, imaging was performed as part of surveillance or due to increased levels of CEA. One patient had a known metastatic disease without bowel sites of disease

  Non-Hodgkin lymphoma        14            Staging\
                                            Assessment of new suspicious lesions

  Breast cancer               5             Suspected metastatic disease

  Lung cancer                 7             Staging

  Melanoma                    3             Staging\
                                            Response to systemic treatment

  Hodgkin lymphoma            2             Surveillance

  Bladder cancer              2             Assessment of new lung lesion\
                                            Assessment of response to systemic treatment

  Malignant hystiocytoma      1             Suspected recurrence

  Gastric cancer              1             Suspected lesions in the lung and liver

  Cervix cancer               1             Surveillance

  Pancreatic cancer           1             Staging

  Tongue cancer               1             Staging

  Skin squamous cell cancer   1             Staging

  Fever of unknown origin     1             To determine to source of prolonged fever
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

FDG PET/CT, fluorodeoxyglucose positron emission tomography/computed tomography; CEA, carcinoembryonic antigen.

###### 

Anatomical site of FDG foci and histological observations.

  Parameter                                             Malignant, n   Advanced adenoma, n   Benign, n
  ----------------------------------------------------- -------------- --------------------- -----------
  Foci                                                  3              6                     21
  Anatomical site                                                                            
   Ascending colon                                                     1                     5
   Descending colon                                     1              2                     7
   Rectosigmoid                                         2              3                     9
  Normal colonoscopy (including diverticular disease)                                        35

FDG, fluorodeoxyglucose.
